Although fluorescence microscopy has proven to be one of the most powerful tools in biology, its application to the intact animal has been limited to imaging several hundred microns below the surface. The rest of the animal has eluded investigation at the microscopic level without excising tissue or performing extensive surgery. However, the ability to image with subcellular resolution in the intact animal enables a contextual setting that may be critical for understanding proper function. Clinical applications such as disease diagnosis and optical biopsy may benefit from minimally invasive in vivo approaches. Gradient index (GRIN) lenses with needle-like dimensions can transfer highquality images many centimeters from the object plane. Here, we show that multiphoton microscopy through GRIN lenses enables minimally invasive, subcellular resolution several millimeters in the anesthetized, intact animal, and we present in vivo images of cortical layer V and hippocampus in anesthetized Thy1-YFP line H mouse.
Introduction
Non-invasive methods for imaging of deep structures in intact animals include magnetic resonance imaging (MRI) and positron emission tomography (PET) (Jacobs and Cherry 2001) . However, the resolution and speed of MRI is more than an order of magnitude lower than that of fluorescence microscopy and offers only a few functional contrast agents compared to the tremendous library of available fluorescent indicators.
Although PET accesses a variety of molecular probes, its resolution is on the scale of millimetres and it suffers from slow image acquisition. Therefore, the ability to perform minimally invasive deep in vivo fluorescence microscopy represents a breakthrough in intact-animal studies for biology and medicine.
Although routine use of multiphoton microscopy achieves imaging depths in brain of typically <500 m, the ultimate imaging depth is dependant on many parameters, including the age of the animal and the optical geometry (Oheim et al. 2001 ). Oheim et al have extended the reach of multiphoton microscopy by ~100 m by appropriate use of a low-magnification, high numerical aperture objective (Oheim et al. 2001 ). Theer et al recently used regenerative amplification of 200 kHz pulses to achieve high pulse peak powers while maintaining reasonable average powers, enabling imaging depths of close to 1 mm, although image quality suffered significantly at greater depths (Theer et al. 2003) . GRIN lenses offer the opportunity to reach even deeper laying structures.
GRIN lenses use a negative gradient in the refractive index of glass from the center of the lens to the outside edge to bend and focus light. 
Experimental Procedure

Microscope apparatus
The multiphoton microscope used here is the same as described elsewhere 
Animal Surgeries
Anesthesia and surgeries were performed in accordance with Cornell University approved animal use protocols. The mice were maintained under ketamine (76 mg/kg) / xylazine (5 mg/kg) anesthesia during the surgery and the following imaging session. In order to reveal the cortex for GRIN rod penetration, we used a dental drill to create a circular craniotomy (5mm diameter) centered above the dorsal parietal cortex. The dura visible beneath was then cut at the edge of the field and carefully removed. For analgesia at the site of the craniotomy, lidocaine (2%) was applied topically. The body temperature was maintained at approximately 36 degrees celsius using a feedback-controlled heating pad during both surgery and imaging. Prior to the microangiography, the blood serum was labelled by a tail-vein injection of a 100 µL bolus of either fluorescein-labelled dextran (20mg/ml, 500 kDa, Molecular Probes) or quantum dots (35 M, 608 nm emission, Quantum Dot Corp., Hayward, CA) in physiological saline.
GRIN Lens and Imaging parameters
The use of GRIN lenses for in vivo multiphoton microscopy is shown in Fig. 1 
Results and Discussion
Microangiographies of capillaries and larger blood vessels are shown in Fig. 3 . Fig.   3A shows a capillary along with larger blood vessels ~800 m below the surface of wildtype mouse cortex after administration of fluorescent quantum dots by tail vein injection. The maximal thickness of the penetration path of 600 µm is well within the range of established acute and chronic brain implants such as push-pull cannulae (Philippu 1984) . By avoiding major veins along the perforation path it was possible to achieve penetration such that bleeding was not detected at the front surface of the lens. However, cleavage of blood vessels along the path of penetration is inevitable, and must be taken 
